Newly diagnosed type 2 diabetes (T2 DM) patients who do not receive diabetes education (DE) have average knowledge on DM, and their practices about diabetes need to be improved. This prompted us to evaluate what happens when old diagnosed patients receive DE. The study therefore assessed the association between knowledge and practices in terms of Hemoglobin A 1 c (HbA 1 c), body mass index (BMI), and waist circumference (WC) among 500 diagnosed T2 DM using a cross-sectional design. An intervieweradministered questionnaire was used for assessing their knowledge. The mean knowledge score of the patients was 15.29 ± 3.6. A significant negative association was found between the knowledge score and the HbA 1 c level. Age was positively associated with HbA 1 c and WC. Duration of DM was positively and education was negatively associated with HbA 1 c. Gender was negatively associated with BMI while income was positively associated with BMI and WC. All the associations were significant. The diagnosed T2 DM patients are deficient of sufficient knowledge; the knowledge score and HbA 1 c have a significant negative relationship, not other actions. The risk factors for the patients' outcome include old age, female gender, years of education, economic status, and duration of DM.
Introduction
The Southeast Asia region will see the largest number of patients with type 2 diabetes (T2 DM) within 2030, if preventive measures were not taken [1] . Diabetes is characterized by a state of chronic hyperglycemia resulting from several environmental and genetic etiologies acting jointly [2] . Until a decade ago, diabetes was not considered a major publichealth problem in developing countries like Bangladesh. However, the situation has now been changed dramatically. In Bangladesh, a higher prevalence of diabetes was found among urban population (8.1%) than among rural population (2.3%) [3] .
Unless preventive measures are taken, Bangladesh is likely to see the outbreak of diabetes soon. Experience suggests that knowledge-based education for diabetes patients in Bangladesh may be the feasible strategy to improve selfmanagement of the disease. Results of a study showed that newly diagnosed diabetes patients who did not get any structured diabetes education from the healthcare center had an average knowledge on DM, although their self-care practices were inappropriate [4] . Another study [5] showed that the nondiabetes respondents had average awareness regarding risk factors of diabetes and the study recommended that diabetes education and sociodemographic factors need to be considered to improve the awareness in general population.
Knowledge is a prerequisite for individuals and communities for the prevention, treatment, and control of chronic diseases including diabetes [6] [7] [8] [9] [10] [11] [12] . Although the importance of self-management in diabetes is well established, little is known about the factors that encourage individuals to take an active and responsible role in this aspect [8] [9] [10] .
Advances in Public Health
A few years back, education was not even considered part of treatment. However, the importance of education is gradually increasing due to the present epidemic nature of diabetes. Proper education and guidance on diabetes care can make significant improvements in patients' lifestyle, which may help achieve the desired health outcomes [6, 7] . Knowledge acquired through culturally oriented diabetes education programs can create awareness and understanding of the disease among patients. This awareness and understanding can strengthen motivation and self-care, improve the clinical outcomes, and reduce the cost of treatment of diabetes by preventing complications. In addition, deficiency in knowledge of diabetes patients may be one of the obstacles to developing an active and dependable role in their selfmanagement of the disease.
The above context prompted us to conduct the present study to assess the association between the knowledge and the practices in terms of Hemoglobin A 1 c (HbA 1 c), body mass index (BMI), and waist circumference (WC) among T2 DM patients who attended a structured diabetes education (DE) program in a tertiary-care hospital in Bangladesh and also to identify the risk factors those responsible in patients' outcome.
Materials and Methods
Without any comparison group and any intervention, this study was undertaken to assess the knowledge-action gap among diagnosed T2 DM patients. Using the cross-sectional design, 500 T2 DM patients who were registered at the Outpatient Department (OPD) of Bangladesh Institute of Research & Rehabilitation in Diabetes, Endocrine and Metabolic Disorders (BIRDEM), the tertiary-care hospital of the Diabetic Association of Bangladesh, were enrolled. The minimum required sample size for the study was calculated using the following formula: = 2 / 2 (where, = 1.96, is the expected proportion of correct basic knowledge among diabetes patients, that is, 66% [4] , = (1 − ), and is allowable error of known prevalence, that is, 5%). And convenient sampling technique was used. Patients who were aged over 25 years, had diabetes for at least two years, and attended a minimum of one education class were included in the study. Patients who had other medical complications or were unable to answer a short list of simple questions (sociodemographic information, such as name, address, and disease-related complications) were excluded.
A method that has been used in various studies in different countries [13] [14] [15] was adapted for this study to assess the knowledge of patients. A medium-size threepart interviewer-administered questionnaire was designed to know and assess the level of patients' knowledge. The first part of the questionnaire was planned to cover information on age, sex, educational qualification, occupation, monthly income, duration of diabetes, and family history relating to diabetes. The second part covered data relating to weight, height, WC, and HbA 1 c. The third part consisted of 35 questions on knowledge relating to fundamental understanding of diabetes, target age for blood glucose testing, benefits of exercise, hyperglycemia, groupings of foods and their exchange list, ideal body weight, and ketoacidosis. During analysis of data, we did not divide the knowledge questions into basic and technical sections like the earlier study [4] due to the differences in patient criteria.
The Diabetes Knowledge Questionnaire, validated by the University of Michigan [16] , was modified following the local guidelines of the Diabetic Association of Bangladesh [17] and considering the local context, culture, and food habits of our patients. This questionnaire was translated to Bangla separately by two independent translators who were native speakers of the target language (Bangla); two separate back translations were also done by translators who were native speakers of English.
Practices of the study patients were assessed as their current glycemic report, BMI, and WC values after getting education from healthcare providers. The questionnaire was pretested before its finalization. Each correct response was assigned a score of 1, and each incorrect response was assigned a score of 0. Thus, for 35 items for knowledge, the maximum attainable score was 35, and the minimum score was 0. The level of knowledge was classified according to each respondent's score. Poor knowledge corresponded to a score < mean − 1 SD; average knowledge corresponded to a score within mean ± 1 SD; good knowledge corresponded to a score > mean + 1 SD [6] .
Anthropometric measurements included weights, heights, and WC of the patients. A flexible tape was used for measuring WC from midway between the lowest rib and the iliac crest. A Soehnle mechanical weighing scale (SoehnleWaagen GmbH & Co. KG, Wilhelm-Soehnle-Strabe 2, D-71540 Murrhardt/Germany) was used for measuring their body weights in light clothes to the nearest 0.1 kg. A portable, locally manufactured stadiometer was used for measuring heights to the nearest 0.5 cm, with subjects standing upright on a flat surface without shoes and the back of the heels and the occiput on the stadiometer. The HbA 1 c report was collected from the patients' medical records.
The patients were grouped according to the 2006 percapita Gross National Income (GNI) and the World Bank calculations [18] as follows: low-income group: Tk < 5360; lower-middle-income group: Tk 53610-21270; upper-middleincome group: Tk 21271-65761; and high-income group: Tk > 65762.
The SPSS software (version 17.0) (SPSS, Inc., Chicago, IL, USA) was used for analyzing data. Descriptive statistics were used for analyzing and summarizing data as follows: sociodemographic characteristics, diabetes knowledge, and practices of patients. Multivariable linear regression was used for identifying the factors which influence the practices. For regression model, HbA 1 c, BMI, and WC were used as dependent variables. The independent variables included age, sex, years of education, occupation, monthly income, duration of diabetes, family history of diabetes, and total knowledge score relating to diabetes. Statistical tests were considered significant at value of ≤0.05.
Written consent was obtained from all the patients after full explanation of the nature and purpose of all the study procedures to them. The ethical committee of the Diabetic Association of Bangladesh approved the study. Table 1 presents the characteristics of the 500 patients. Their mean (±SD) age was 49.40 ± 8.9 years. Of the patients, 42% were female. Eighty-two percent were urban patients. Fortyfive percent had primary to secondary level of education, and 33% completed higher secondary and graduation. Thirty-six percent were homemakers, and 30% were service holders. Forty-nine percent belonged to the lower-middle-income group. The mean [(±SD) BMI (kg/m 2 )] was 25.5 ± 3.9, and 46% were at increased risk group and 26% were at acceptable risk [19] . The mean (±SD) HbA 1 c (%), WC (cm), and duration (years) of diabetes were 8.3 ± 1.7, 90.9 ± 9.4, and 7.9 ± 6, respectively. The total knowledge score (mean ± SD) of the patients was 15.3 ± 3.6. Table 2 presents the patients' deficiencies in diabetes knowledge. Most (81%) patients had knowledge on definition of DM, although 98% were unaware of risk factors. Over one-third (35%) could not give correct answer about the normal blood glucose level, 60.2% had no knowledge about hypos, 91% had no concerns about ketoacidosis, and 23% were unaware of the principles of dietary management of DM. Most (97%) patients had no idea about the food-exchange system. About 81% did not know the basic rules of foot care.
Results
No significant association was found among the knowledge score, BMI ( = 0.007, = 0.87), and WC ( = 0.042, = 0.345) of the patients. However, a significant negative association was found between the knowledge score and the HbA 1 c level ( = −0.106, = 0.017) ( Table 3) .
To identify the factors that might have effects on the patients' HbA 1 c, BMI, and WC values, multivariable linear regression analyses were performed. All the eight parameters, age, sex, years of education, occupation, monthly income, duration of diabetes, family history of diabetes, and total knowledge score relating to diabetes, were included simultaneously in the regression model. The results showed that the overall multiple regression model used for assessing the factors of (Table 4) .
Regression analysis also identified significant predictors of patients' BMI ( 2 = 0.064; = 0.0001). The female patients had a higher BMI ( = 0.005; 95% CI: 2.743-0.505). The upper-middle income and high-income groups of patients were at increased risk or at high risk of overweight and obesity ( = 0.02; 95% CI: 0.090-1.049) ( Table 5) .
Results of regression analysis showed significant determinants of patients' WC ( 2 = 0.029; = 0.006). Age ( = 0.002; 95% CI: 5.719-1.262) and monthly income ( = 0.004; 95% CI: 0.552-2.91) were significantly associated with WC after adjustment (Table 6 ).
Discussion
Various studies have emphasized knowledge on DM as an important resource to guide and educate diabetes patients about their practices [6] [7] [8] [9] [10] [11] . It has been recognized that health promotion, based on common knowledge and perceptions regarding chronic diseases such as diabetes, is an essential component of any strategy aimed at disease control and prevention. In previous studies [4, 5] , subjects did not get any structured education on diabetes from their healthcare centers. As a consequence, an average level of knowledge on and understanding of diabetes was found among them, and their self-care practices were also found to be inappropriate. Considering the above fact, the present study was initiated among those patients who received culturally appropriate structured education on diabetes from a tertiary-care hospital of the Diabetic Association of Bangladesh. The study assessed the association between knowledge and practices in terms of HbA 1 c, BMI, and WC among old diagnosed T2 DM patients attending a tertiary care hospital in Bangladesh.
The present study has shown that only 73.4% of the patients had an average knowledge on DM whereas about 4 Advances in Public Health 66% and 78% of newly diagnosed patients in our earlier study had average basic and technical knowledge on DM, respectively [4] , and 68% of our nondiabetic study patients had average knowledge on DM [5] . A hospital-based study on knowledge, attitudes, and practices in India found that a good number of respondents had positive knowledge on and attitudes towards diabetes but the same cannot be said about practices [6] . Another study on knowledge and perceptions of diabetes in a semiurban Omani population found that subjects' level of knowledge was suboptimal [7] . A study in Pakistan among people with diabetes attending the department of Medicine, Khyber Teaching Hospital, Peshawar, found that the knowledge scores were low in most areas of diabetes care [9] . The mean diabetes knowledge score among Chinese patients with type 2 diabetes was good [10] . In the present study, our expectation could not reach our targeted level. The old diagnosed patients had the same level of knowledge as the newly diagnosed ones or nondiabetes subjects had. Further, we tried to find out the areas of deficient knowledge on DM among the patients. About 81% of the patients had good understanding of the pathophysiology of diabetes, although, around 90% did not have correct knowledge on the risk factors of DM and ketoacidosis. Onethird did not know the targeted level of blood glucose, and more than half had no correct knowledge on hypos which is an important, dangerous symptom for DM patients. About 23% and 97% of the patients were unaware of the principles of dietary management and the food-exchange system, respectively. It is well known that improper dietary practice is one of the reasons for developing hypos.
Most (81%) of our study patients were not aware of the importance of foot care. It is well known that noncare of the foot of diabetes patients may result in diabetic foot complications. People are known to have T2 DM usually in their mid-age, which thereafter begins to raise their blood glucose level with the duration of disease and patients might be fed up with the advice on treatment and modification of their lifestyle to be followed. Although it was hoped that approximately 70% of our study patients had fair or average knowledge of diabetes and considered diabetes a serious condition, with diet playing an important role in its control, they did not know or might not recall more and specific aspects of diabetes, such as risk factors of DM, food-exchange system, benefit of weighing food, and taking foot care. The data on knowledge relating to the above areas in our present study were much less or almost similar compared to the data reported in earlier studies [4, 5] . Our results were not unlike those that have been reported elsewhere [7, 9, 11] . However, the Chinese study showed better results in these aspects [10] .
Characteristics of our study patients correlated with their glycemic control and central obesity. We included those patients who were previously diagnosed and attended at least one diabetes education class. We assessed the association between the knowledge scores and the practices in terms of HbA 1 c, BMI, and WC; only the knowledge score and HbA 1 c had a significant ( ≤ 0.05) and negative association.
For more details, we run multivariable regression analysis. In our study, patients who were old, formally educated, female, and belonged to upper-middle and high-income groups tended to practice less in glycemic and weight management.
HbA 1 c, BMI, and WC values were significantly associated with old age, formal education, female gender, monthly income, and duration of DM but no significant relationship was found with other parameters. Around 70% of the aged people showed poor glycemic status and central obesity. Of the female patients, 80% were at high risk of obesity, and 85% from the high-income group were also at high risk of and had central obesity. The patients who had formal education were unaware of their glycemic status and also had poor compliance in blood glucose testing. Eighty-two percent of the patients who had diabetes for more than five years could not achieve their targeted level of glycemic status. Results of a study in India revealed that, with the increasing duration of diabetes, knowledge of patients also increases, Advances in Public Health 5 which was reflected on their practices [6] . The opposite snapshot was found in our study. A Chinese study implied that knowledge on diabetes does not necessarily guarantee that people will achieve good glycemic control [10] . The same finding was found in our study where the total knowledge score did not show any significant effect on glycemic status in regression analysis. This indicates that sociodemographic characteristics need to be taken into consideration while developing educational programs for T2 DM patients and must be able to identify the potential barriers to learning. In our present study, the formally educated, wealthy patients were not aware of the disease which is a very unusual scenario. Another probable reason might be the "knowledge-action gap" between what people are taught to do and what they actually do. However, equally in a slow progressive disease such as diabetes, increasing HbA 1 c might be due to physiological reasons rather than noncompliance or knowledge deficits.
The results of the present study clearly indicate that old age, formal education, economic status, gender, and duration of DM are the most important factors associated with poor glycemic status and in developing central obesity.
In a study, it was recommended that repeated support of health education and strong motivation are essential to bring about positive changes in self-care practices in diabetes control [4] . The findings of our present study also support the above two recommendations, and based on these findings, we propose to develop patients' education program considering their literacy level and cultural needs. It is essential to understand the sociodemographic characteristics, beliefs and attitudes, motives, demands, and priorities of individuals to understand their compliance behavior. Although the tertiarycare hospital of the Diabetic Association of Bangladesh provides culturally appropriate structured education to its patients, the results of the present study suggest that policymakers should reconsider the strategy of the education program and find out the probable gaps which work as barriers to achieve the target level of healthy and disciplined lifestyle. These findings may indicate that, without patient empowerment, the present diabetes education program is largely ineffective for the better control of diabetes. For identifying gaps and to provide a truthful education program according to the patient's knowledge, perception, and skill, a longitudinal follow-up study is essential.
The present study has a couple of limitations. First, we used new samples from a tertiary-care hospital; however, if we would have used our previous ones [4] , our comparison could have been more truthful. The knowledge and practices in terms of HbA 1 c, BMI, and WC relationship could not be significantly established in the study due to its crosssectional design nature. History on medication should have been included in the questionnaire of our study for more accurate assessment of glycemic status. The results should not, thus, be generalized for the whole diabetes population of Bangladesh also because of using convenient sampling technique and also because we were not able to incorporate all the underlined causal factors for identifying the gap due to the shortage of fund.
Conclusions
The results of the study state that type 2 diabetes patients are deficient of sufficient knowledge on the understanding of DM, risk factors of DM, targeted level of blood glucose, hypos, ketoacidosis, food exchange system, and basic rules of foot care; only knowledge score and HbA 1 c have a significant negative relationship, not other actions; risk factors for the patients' outcome include old age, female gender, higher education, high economic status, and duration of DM.
